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ABSTRACT : 

CHG DATE=19990617 STATUS=0> The correction system of 
this invention 

simulates a power steering leak which the driver can 
manually adjust or 

automatically tune to offset vehicle drift and/or pull 
generated by road crown, 

wind, vehicle alignment, and tires during straight ahead 
driving. The drift 

and pull correction system taps into the bypass line of a 



vehicle's power 

steering system and can be added to the vehicle as an 
aftermarket device. 
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(54) Vehicle steering correction system 

(57) The correction system of this invention simu- 
lates a power steering leak which the driver can manu- 
ally adjust or automatically tune to offset vehicle drift 
and/or pull generated by road crown, wind, vehicle 
alignment, and tires during straight ahead driving. The 
drift and pull correction system taps into the bypass line 
of a vehicle's power steering system and can be added 
to the vehicle as an aftermarket device. 
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Description 

The present invention inv Ives the steering sys- 
tems for vehicles, and more particularly t a steering 
pull and drift correction system for compensating a vehi- 
cle during straight ahead driving. 

A vehicle under normal driving conditions can have 
a drift or pull to one side or the other generated by road 
crown, wind, alignment, tires and the like. This drift 
requires a steady adjustment in the steering wheel 
angle to compensate for this pull and drift to make the 
vehicle travel straight ahead. This steering wheel 
adjustment activates the steering system of the vehicle 
to add a steering force to cancel the pull and drift that 
makes the vehicle deviate from going straight ahead. 

Various types of steering mechanisms have been 
developed for motor vehicles and the like. Commonly 
used mechanisms have a hydraulic power source driven 
by the vehicle's engine. A hydraulic power steering sys- 
tem is an open center system including a pump and res- 
ervoir, a flow control valve, a pressure relief valve, a 
steering control valve and a movable piston inside a 
power steering cylinder. A hydraulic power steering sys- 
tem utilizes a hydraulically activated piston within the 
power steering cylinder which is associated with the 
movement of a rack element of a rack and pinion steer- 
ing assembly connected to the steerable wheels of the 
vehicle. Fluid is continually circulated by the pump to the 
control valve supplying the cylinder before being 
returned to reservoir portion of the pump and reservoir. 
When steering assist is required, the driver turns the 
steering wheel and the power steering control valve 
diverts fluid to the proper side of the piston. This diver- 
sion drives the piston and forces the power steering 
assembly to turn the wheels of the vehicle; whereby a 
steering or turning force on the vehicle is produced by 
way of lateral forces on the tires. 

In the patent of Howard (U.S. 4,410,193) an addi- 
tional cylinder or cylinders are used to accomplish the 
return of the steering system to a predetermined center 
position. Howard uses an additional trim cylinder to fine 
tune the center position of the steering system. Howard 
discloses other mechanical compensator devices for 
centering the steering system and returning to a center 
position in U.S. Patent Nos. 4,534,577; 5,527,053; and 
5,536,028. These devices are concerned with maintain- 
ing a center steering position without slack until a steer- 
ing force from the steering wheel exceeds a preselected 
value. In U.S. 5,536,028 a trimming unit is provided for 
varying the center position, including trim chambers on 
opposite sides of a trim piston. These mechanical com- 
ponents are added to the hydraulic power steering sys- 
tem as well as to tie rods of the vehicle's steering 
system. 

The patents of Yonker (U.S. 4,765,427), Emori et al 
(U.S. 4,877,100) and Kohata et al (U.S. 5,511,630), all 
disclos modifications in the power steering gear and 
housing before it meshes with a rack. In U.S. 5,51 1 ,630 



the an auxiliary pump system provides stable operation 
or a power steering system which automatically corrects 
unexpected variations in the path of a vehicle. The sys- 
tem includes inner and outer sleeves and a torsion bar 
5 coupled to the inner sleeve and a piston shaft A torque 
motor rotates the torsion bar to provide relative motion 
between inner and outer sleeves to switch oil passages 
in a rotary valve which communicate with a power cylin- 
der during unexpected vehicle path variations. The 
10 standard steering system is modified by the addition of 
the torque motor requiring replacement of standard 
steering components. 

The traveled path of the vehicle can be monitored 
and the steering forces to maintain a desired vehicle tra- 
15 jectory can be controlled. The patent of Frank (U.S. 
5,267,627) discloses a power steering controller which 
monitors vehicle speed and the torque on the steering 
shaft. A stability augmentation system including an 
electric motor is responsive to a command signal gener- 
ic ated by the power steering controller. The system 
includes a hydraulic system having a separate oil pump 
and valve arrangement along with the electric motor 
controlling the flow of hydraulic fluid to the power steer- 
ing cylinder. The system is inoperative over a zone 
25 based on vehicle speed and output torque of the steer- 
ing shaft. 

The patents of \asui et al (U.S. 4,941 ,079 and U.S. 
5,313,389) disclose a solenoid valve controller or driver 
which is directed by a computer using yaw rate, speed 

30 and steering wheel angle data from vehicle sensors. 
Valves are opened or closed to drive a separate added 
piston inside another cylinder that moves a steering rod 
of the steering control mechanism. Steering system 
movements relative to the vehicle are provided in addi- 

35 tion to nominal lateral movement provided by the steer- 
ing mechanism. The steering apparatus and control 
system provides adaptive control for the moving vehicle 
to substantially conform the yaw rate of the vehicle to 
the desired yaw rate. The system maintains vehicle sta- 

40 bility as the steerable wheels are independently steered 
in response to the controller output signal. In a further 
patent of Yausi et al (U.S. 5,156,229) additional drive 
components including fluid filled cylinders, housings 
and electric motors are added to the steering apparatus. 

45 These components help to correct the steer angle of the 
vehicle wheels using controller signals generated from 
vehicle sensors including vehicle yaw rate sensors. 

The need exists to find an economical system for 
adjusting the steering system of a vehicle to compen- 

so sate for straight ahead drift without the addition of com- 
plex mechanical or electrical components or auxiliary 
systems. It is known that an internal leak in a power 
steering system control valve provides a slight vehicle 
pull forcing the vehicle to drift to one side or the other. 

55 This slight force has been found to be adequate to cor- 
rect for the drift and pull during straight ahead driving. 

To overcome the complexity of systems described, 
one object of the present invention is to find a cost effec- 
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tive means to incorporate a leak in the steering system 
that can be controlled manually or automatically to cor- 
rect for a steering pull as needed. 

Another object of the present invention is to provide 
a simple drift control apparatus and for existing vehicles s 
that can easily be adapted to existing hydraulic power 
steering systems. 

The present invention provides the means to intro- 
duce a controlled leak in the power steering system to 
provide a lateral force on a vehicle to overcome the nat- 10 
ural tendency of the vehicle to pull and/or drift during 
normal straight ahead driving of the vehicle. 

The magnitude of the pull is a direct function of the 
leak magnitude and the back (parasitic) pressure in the 
system. The leak bypasses hydraulic fluid to one side of 15 
the power steering piston causing the steering system 
to input a steer angle change to the wheels until the 
added steering force generated on the vehicle is ade- 
quate to balance the forces and moments generated by 
the suspension, steering system, tires, vehicle align- 20 
ment, road crown, wind and the like during straight 
ahead driving. 

A priority flow control valve along with a system 
valve, a modulating valve and a plurality of correction 
valves and correction lines are added to the power 25 
steering system for diverting hydraulic fluid within the 
power steering system. The modulating valve, the sys- 
tem valve and the correction valves can be manually or 
automatically operated. 

In one embodiment of the present invention, a 30 
steering correction system is provided for a power steer- 
ing system of a vehicle for assisting an operator in con- 
trolling straight ahead travel of the vehicle. The power 
steering system has a hydraulic pump and reservoir, a 
pressure relief valve and a plurality of main lines for sup- 35 
plying and returning a hydraulic fluid to a power steering 
assembly mounted on a frame of the vehicle. The steer- 
ing assembly provides steering forces for wheels of the 
vehicle. The correction system comprises a plurality of 
correction lines connected to a main bypass line of the 40 
power steering system for diverting and selectively rout- 
ing a portion of the hydraulic fluid within the power 
steering system to the steering assembly. The system 
further comprises a priority valve for receiving the fluid 
portion from the bypass line and dividing the fluid por- 45 
tion to provide flow into a correction supply line and a 
correction bypass line of the plurality of correction lines. 
A system valve is positioned in a first line between the 
correction supply line and a correction return line and is 
normally open for routing a first part of the fluid portion so 
to flow from the correction supply line into a correction 
return line of the plurality of correction lines. A modulat- 
ing valve is positioned in a second line between the cor- 
rection supply line and the correction return line for 
routing an adjustable second part of the fluid portion to ss 
the correction return line from the correction supply line. 
A pair of correction valves are each located in a trim line 
connected to the correction supply line for routing a third 



part of the fluid portion through a respective trim line of 
the plurality of correction lines to the steering assembly 
when th correction valves are activated, the system 
valve is closed and the modulating valve is adjusted. 
Finally, the system comprises a logic controller and a 
switch mechanism for operating and activating each 
one of the valves to provide a relative magnitude of the 
second and third parts of the fluid portion. Therefore, 
the wheels are rotated for adjusting the steering forces 
on the vehicle and operator supplied steering forces are 
reduced during straight ahead driving of the vehicle. 

In another embodiment of the invention, a steering 
correction system in combination with a motor vehicle's 
power steering system is provided for correcting steer- 
ing drift and pull on the vehicle, so that the vehicle trav- 
els a straight ahead path without operator assistance. 
The vehicle has a power steering system associated 
with at least one steerable wheel which is displaced to 
apply a lateral force on the vehicle. The system com- 
prises a steering assembly of the power steering sys- 
tem of the vehicle for displacing the at least one 
steerable wheel. A hydraulic pump and reservoir of the 
power steering system of the vehicle is for supplying 
and returning a steering fluid through a plurality of main 
lines to the steering assembly. The main lines of the 
power steering system include a main bypass line. A 
plurality of correction lines are connected between the 
bypass line and the steering assembly for selectively 
routing a portion of the steering fluid within the steering 
system without the need for additional fluids added to 
the power steering system. A plurality of valves are 
selectively located in the correction lines for providing 
the routing without the use of other mechanical compo- 
nents added to the power steering system. A logic con- 
troller and a switch mechanism is for electrically 
operating the plurality of valves based on a desired 
steering correction to the steering pull. The steering pull 
and drift is compensated without continuous steering 
inputs by the operator. 

In yet another embodiment of the invention, an 
improved method is provided for correcting a drift and 
pull on a vehicle having a power steering system. The 
power steering system includes a hydraulic pump and 
reservoir for supplying a steering assembly with a power 
steering fluid through a plurality of main lines. The 
method includes a first steps of 

cutting a main bypass line of the plurality of main 
lines for rerouting a portion of the steering fluid. A 
second step includes providing a plurality of steer- 
ing correction system lines connected to the main 
bypass line for selectively diverting at least part of 
the fluid portion to the steering assembly. In a third 
step, the method includes providing a plurality of 
steering correction system valves located in the 
plurality of correction tines. A fourth step includes 
selectively routing the fluid portion so that a first 
part of the fluid portion may be returned to the 
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hydraulic pump through a system valve of the plu- 
rality of correction valves, a second part f the fluid 
portion may b returned t the hydraulic pump 
through a modulating valve of the plurality of correc- 
tion valves and a third part of the fluid portion may 
be diverted to the steering assembly. A fifth and 
final step includes 

controlling the relative first, second and third parts 
of the fluid portion by using a logic controller and a 
switch mechanism for selectively opening and clos- 
ing the plurality of correction valves to correct for 
right and left drift and pull on the vehicle for straight 
ahead driving. 

The objects and advantages of the invention will 
become more readily apparent from the following 
detailed description of the preferred embodiments 
thereof in connection with the accompanying drawings 
in which: 

Figure 1 is a flow diagram illustrating the intercon- 
nected components of a vehicle's power steering 
system with the steering correction system of this 
invention; 

Figure 2 is a schematic diagram showing the rela- 
tionship of the power steering system and the steer- 
able wheels of a vehicle having a rear linkage 
steering system; 

Figure 3 is a schematic diagram illustrating the 
operational modes of a correction switch mecha- 
nism of the invention; 

Figure 4 is a schematic diagram showing the rela- 
tionship of the power steering system and the steer- 
able wheels of a vehicle having a front linkage 
steering system; and 

Figure 5 is logic flow diagram showing the operating 
decisions in providing drift control of a vehicle 
according to the invention. 

The system of this invention simulates a power 
steering leak which the driver can manually adjust or is 
automatically tuned to offset vehicle drift and/or pull 
generated by road crown, wind, vehicle alignment, and 
tires during straight ahead driving. The drift and pull 
control system taps into the lines of a vehicle's power 
steering system and can be added to the vehicle as an 
after market device. The system of the present invention 
does not require additional power steering cylinders, 
mechanical arms or electrical motors as it makes use of 
the existing power steering systems. For example, the 
rack or power gear as a steering assembly and the 
existing power steering pump and reservoir as a 
hydraulic fluid power source along with the relief valve 
can be used. The references disclose additional means, 
being added sensors, cylinders and electrical motors, 
for example, to establish the steering location and cor- 
r ct the system for "straight ahead driving" against pull 
and drift. The present invention uses the balance of 



forces in the steering system to determine "straight 
ahead", as determined by the driver or an automatic 
torque and/or angle averaging device. 

In the present invention the vehicle is made to travel 

5 straight ahead without the need for providing a steering 
torque or for turning the steering wheel. The drift and 
pull control system requires much smaller steering 
forces than those necessary for turning the vehicle dur- 
ing cornering and like. Therefore, the excess power 

10 capability of the standard power steering system of the 
vehicle during straight ahead driving is adequate for 
providing the fluid power necessary for the drift control 
system of this invention, as further defined in this 
description. 

15 The drift control system of this invention is added to 
a vehicle's existing power steering system, as illustrated 
in Fig. 1. The commonly used power steering system 
PS of a vehicle includes a pump and reservoir 7 with a 
pressure relief valve 5. The reservoir contains a power 

20 steering fluid and the pump is powered by a motor of the 
vehicle. The greater the rotational speed of the vehicle's 
motor, in revolutions per minute (rpm), the more fluid the 
pump circulates throughout the system per unit of time. 
The pump supplies power steering fluid to an inlet port 

25 A of a main priority valve 4A through a pump output line 
20. The main priority valve discharges fluid through a 
discharge port B into a main supply line 22 connected to 
a power steering control valve 8, which is one compo- 
nent a steering assembly SA of the vehicle. 

30 When an operator steers the vehicle the steering 
assembly SA is activated by the control valve 8. Power 
steering fluid is pumped into a power steering cylinder 
1 0 to one side or the other of a power steering piston 12. 
A left cylinder line 16 supplies the left side of the cylin- 

35 der and a right cylinder line 1 8 supplies the right side of 
the cylinder. The steering piston drives a steering shaft 
or rack 14 to moved it to the left 14a or to the right 14b 
for turning the steerable wheels so that the tires of the 
vehicle provide lateral steering forces on the vehicle 

40 from the road surface. Left or right in this discussion 
refers to respective sides of the vehicle as viewed look- 
ing in the direction of travel of the vehicle having a for- 
ward velocity V (Fig. 2). Excess power steering fluid 
from the low pressure side of the piston is returned to 

45 the pump and reservoir by the power steering control 
valve 8 through return lines 42 and 40 of the power 
steering system. In addition, excess power steering fluid 
from the control valve of the steering assembly SA, not 
required at the time for steering, is also returned to the 

so pump and reservoir through the return lines 40 and 42. 
Power steering systems are designed to generally 
provide a constant fluid power supply to the steering 
assembly SA through the main supply line 22. A varia- 
ble bypass portion of the power steering fluid depending 

55 on the output of the pump is discharged from a bypass 
port C of the main priority valve 4A through a main 
bypass line 24. The bypass lin connects with the main 
return line 40 to return fluid to the pump and reservoir 7. 
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The amount of fluid in the bypass line changes as the 
output of the pump is changed. A pressure relief valve 5 
is normally provided in association with the pump and 
reservoir to protect the system from excess fluid pres- 
sures. 5 

Having described the power steering system of the 
vehicle in detail, the discussion is further directed to the 
steering correction system. The components of the 
steering correction system are added to the vehicle's 
power steering system to provide the combination of 10 
this invention. The steering correction system CS 
diverts power steering fluid from a location 24a on the 
main bypass line 24 to an input port A' of a system pri- 
ority valve 4B of the steering correction system, as fur- 
ther illustrated in Fig. 1 . At least a portion of the diverted 15 
power steering fluid is for supplying an additional 
amount of power steering fluid to the steering assembly 
SA from an output port B' of the system priority valve 
through a correction system supply line 26. A correction 
system bypass line 25 is supplied from the bypass port 20 
C of the system priority valve 4B to control the amount 
of diverted fluid made available for the steering assem- 
bly SA through the correction supply line 26. The cor- 
rection bypass line is connected to a correction system 
return line 44 that connects with the main bypass line 24 25 
at another location 44a. 

When a drift or pull correction is desired, that por- 
tion of the diverted power steering lluid in the correction 
supply line 26 is available to be supplied to one side or 
the other of the power steering piston 12 within the 30 
power steering cylinder 10, as illustrated in Fig. 1. The 
addition of the diverted fluid portion to one side of the 
piston increases the pressure on that side causing the 
piston to move the rack or shaft 14 so that the steering 
forces on the vehicle are changed to provide a steering 35 
correction. The diverted fluid in the correction system 
supply line 26 must be directed either to the right cylin- 
der line 1 8 or the left cylinder line 1 6 as they come from 
the power steering control valve 8 to the power steering 
cylinder 10 of the steering assembly SA. A left correc- 40 
tion valve 2 is provided to correct for the vehicle having 
a pull or drift to the left during normal straight ahead 
driving. The left correction valve supplies fluid through a 
left correction or trim line 28 to a location 1 8a of the right 
cylinder line 18. A right correction valve 1 is provided to 45 
correct for the vehicle having a pull or drift to the right 
during normal straight ahead driving. The right correc- 
tion valve supplies fluid through a right correction or trim 
line 29 to a location 1 6a of the left cylinder line 16. 

Both correction valves are normally closed (N.C.) so 
unless activated to open by the correction switch mech- 
anism 30. Back flow preventors 1 A and 2A prevent the 
pressures in left and right cylinder lines 16 and 18 from 
pressurizing the correction system during normal driv- 
ing and turning operational conditions of the vehicle. In ss 
an alternate configuration, the backflow preventors can 
be included within the correction valves 1 and 2. The 
power steering system pressure relief valve 5 will limit 



the amount of fluid pressure within the system and pro- 
tect the system against high fluid pressures. The logic 
controller 60 controls the correction switch mechanism 
and valves for deciding which correction valve should be 
operated, as disclosed in more detail later in this discus- 
sion. 

When the drift control system is inactive, or not 
required due to acceptable vehicle drift or pull, the 
power steering system performs normally. The fluid 
flowing in the correction supply line 26 from the system 
priority flow control valve 4B is diverted back to the 
pump and reservoir 7 by a normally open (N.O.) system 
valve 3 and/or a modulating valve 5 through return lines 
44, 24 and 40. The system valve is installed in a first line 
43 connecting the correction supply line 26 to the cor- 
rection return line 44. The modulating valve is installed 
in a second line 46 connecting the correction supply line 
26 with the correction return line 44. Another pressure 
relief valve (not shown) can also be provided between 
the correction system supply line 26 and the correction 
system return line 44 to provide addition protection 
against excess system pressures. 

When the steering correction system CS is active, 
the modulating valve 6 provides for controlling the 
amount of diverted power steering fluid that will be sup- 
plied to the steering assembly SA when one of the two 
correction valves 1 or 2 is open. The driver adjusts the 
modulating valve 6 to change the amount of drift control 
until satisfied. A progressive closing of the modulating 
valve will increase the effort of the drift control where 
opening the modulating valve will decrease the amount 
of effort by the drift control. The modulating valve can be 
set to allow for a variable flow rate from zero to a maxi- 
mum value. The maximum flow rate value for the modu- 
lating valve provides for little or no flow to the steering 
assembly. This flow rate modulation can be controlled 
manually by an operator or automatically by the logic 
controller. Modulation controls the magnitude of the 
steering correction to be only enough to correct for the 
pull or drift of the vehicle as necessary or desired. The 
modulating valve 6 and the system valve 3 can be com- 
bined into a single modulating/system valve 63, as illus- 
trated by the dashed lines in Fig. 1. This 
modulating/system valve must be operated to have a 
normally open position when the correction valves 1 
and 2 are both closed so that the fluid flowing in the cor- 
rection supply line 26 can be returned to the pump and 
reservoir 7. 

The actual operation of the steering system of the 
vehicle can be visualized and described in more detail 
by referring to illustration of Fig. 2. This illustration 
depicts a vehicle with a rear steering system. Fluid 
enters one side or other of the steering cylinder 10 to 
force the piston 1 2 to move the rack or shaft 1 4 either to 
the left 1 4A or to the right 14B. Both shafts work to turn 
the st erable wheels W of the vehicle in one direction or 
the other to introduce either fore s R to the right or 
forces L to the left at the tires on the vehicle. When the 
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rack shaft moves so that shaft extends to the right 14B 
from the cylinder 10 the forces Ft to the right are intro- 
duce to provide a correction for th vehicle pulling 
and/or drifting to the left. When the shaft moves so that 
the shaft extends to the left 14A from the cylinder the 5 
forces L to the I ft are introduced to provide a correction 
for the vehicle pulling and/or drifting to the right. 

Referring to Fig. 1 , for a left correction the fluid 
flows from system supply line 26 through the left correc- 
tion N.C. valve 2 which has been opened. The left trim 
line 28 is connected at the location 1 8a of the right cyl- 
inder line 18 supplying a right steering chamber lOr on 
one side (right) of the piston 12 in the cylinder 10 (Fig. 
2). Providing an increased fluid pressure -PR in the right 
steering chamber of the cylinder steers the vehicle to 
the right to provide a correction for a vehicle drift or pull 
to the left. A left correction steer angle CL is associated 
with rotating the wheels W clockwise providing a force R 
to the right at the tires on the vehicle. For a right correc- 
tion, the fluid flows from system supply line 26 through 
the right correction N.C. valve 1 which has been 
opened. The right trim line 29 is connected at the loca- 
tion 16a of the left cylinder line 16 supplying the left 
steering chamber 10L on the other side (left) of the pis- 
ton 12 inside the cylinder 10. Providing an increased 
fluid pressure -PL in the left steering chamber of the cyl- 
inder steers the vehicle to the left to provide a correction 
for a vehicle drift or pull to the right. A right correction 
steer angle CR is associated with a rotation of the 
wheels W counterclockwise providing a force L to the 
right at the tires on the vehicle. 

When a drift and/or a pull correction is desired by 
the vehicle's operator, the operator can set the switch 
arm 34 of the correction switch mechanism 30 in a posi- 
tion which closes normally open system valve 3 and 
opens either normally closed (N.C.) valve 1 or normally 
closed valve 2, as illustrated in Fig. 3. The correction 
switch mechanism 30 is shown in more detail in this 
illustration. The open control switch arm 34 allows the 
valves to operate in their normally open or normally 
closed positions. When the switch arm is in position 34a 
the system valve 3 is closed and right correction valve 1 
is opened. When the switch arm is in position 34b the 
system valve is also closed and the left correction valve 
2 is opened. 

The correction switch mechanism 30 can also be 
made to operated automatically by using solenoids 3a 
and 1a or 2a to open or close a respective valve (Fig. 3). 
Electrical connection is made by switch arm 34 closing 
a respective circuit When electrical power E is supplied 
to the switch mechanism it changes from its normal (no 
power) operating condition to the opposite powered 
condition. When the switch arm 34 is moved to the near 
side position 34a the cables 32 and 36 are energized to 
change the N.O. system switch to become closed and to 
change the right correction N.C. valve 1 to become 
open. When the switch arm is moved to the far side 
position 34b the cables 32 and 38 are energized to 



again change the N.O. system valve to become closed 
and change the left correction valve 2 to become open. 
The valves of this steering correction system are stand- 
ard in the industry and are operated by standard sole- 
noids also known in the industry. 

A vehicle having a front st ering system is as illus- 
trated in Fig. 4. The influence of each side of the power 
steering cylinder 10 is reversed. Added pressure -PR in 
the right chamber 10r of the power steering cylinder 10 
steers the vehicle to the left, and added pressure -PL in 
the left chamber 10L of the power steering cylinder 10 
steers the vehicle to the right. The pressure on the pis- 
ton 12 operates in the same manner. However, the nor- 
mally closed correction valves 1 and 2 operate with a 
different or opposite logic. This requires the left trim line 
28 to be connected at the location 16a on the left cylin- 
der line 16, and further requires the right trim line 29 to 
be connected at the location 18a on the right cylinder 
line 18. This simple reversal of the correction line con- 
nections provides the drift control system for a vehicle 
with the front steering system. 

The correction system can be operated manually or 
modified to operate automatically. Both manual and 
automatic operations are described by referring to a 
flow and logic diagram, as illustrated in Fig. 5. The oper- 
ator of the vehicle can visually sense the steering wheel 
angle A and feel the amount of torque T being applied to 
the steering shaft or perceive an undesirable vehicle tra- 
jectory. The magnitude of these parameters can be 
evaluated by the operator. Logical decisions can be 
made by the operator if these values appear to be too 
large. Alternately, electromechanical sensors can be 
placed on the steering shaft and the steering wheel to 
provide signals which are processed electrically within a 
circuit of a logic controller. Electrical signals can be gen- 
erated for automatic operation of the steering correction 
system by a steering angle sensor 1 7 and/or a steering 
torque sensor 13. Both sensors types are known in the 
industry. Controlling the respective valves of the correc- 
tion system is associated with making the correct deci- 
sions and taking appropriate action; either manually by 
the operator or electrically by using sensors and electro- 
mechanical components. Electrical components and 
logic circuits within the logic controller can automatically 
generate electrical signals to operate the valves using 
solenoids. The logic controller can be a person or elec- 
trical components. 

The logic controller processes torque T and/or 
angle A information from the steering column S or steer- 
ing wheel 15 (Figs. 2 and 4) and periodically adjusts the 
valves of the steering correction system CS so that the 
desired torque TO and/or angular values AO are 
obtained. A logic circuit decision is made to see if valve 
setting are to be maintained by comparing the torque T 
with the desired torque TO and the steering wheel angle 
A with th desired angle AO. If actual values are less 
than the desired values the existing valv settings are 
maintained. If actual values are larger than desired, the 
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drift and/or pull on the vehicle is evaluated to determine 
if there is a tendency for the vehicle to move left or right 
during straight ahead driving. Electrically the angle A 
and the torque T can have either plus (+) or minus(-) val- 
ues with a computed valu for each. 5 

If there is a right drift or putl tenancy the correction 
switch 30 is activated to open the right correction valve 
1 and the system valve 3 is closed, as shown in the flow 
diagram of Fig. 5. If there is a left drift or pull tenancy the 
correction switch is activated to open the left correction 10 
valve and close the system valve. The modulating valve 
is also opened with the activation of either the left or the 
right correction valve. The modulating valve is adjusted 
to a provide a new position of the rack 14 within the 
steering assembly SA. The greater the modulating valve is 
is opened the greater the change in the steer angle CL 
or CR of the wheels. Therefore, the greater the wheel 
angle becomes the greater the drift and pull correction 
forces become (Figs. 2 and 4). Changing the lateral 
forces R or L on the wheels changes the actual steering 20 
wheel angle A and steering shaft torque T necessary to 
provide straight ahead travel of the vehicle. If the result- 
ing correction has provided new angle and torque val- 
ues which are within the desired values for angle AO 
and torque TO, the valve settings can be maintained. 2s 
That is, if T<TO and A<AO, the correction system has 
satisfied the operator's demands and the drift and/or 
pull has been corrected. The vehicle will travel ahead 
with little or no angle and torque for improved on-center 
feel by the operator while driving the vehicle. 30 

One embodiment of this system has been 
described. Other embodiments can perform the same 
function such as, but not limited to, integrating valves 1 , 
2, 3, 4B, and 6 into the power steering control valve 8 
and/or removing the system priority flow control valve 35 
4B (Fig. 1). 

The present invention requires only the addition of 
fluid lines and associated plumbing to the existing steer- 
ing system without the addition of cylinders or other 
major components. The embodiments of the present 40 
invention can be a modification of the existing conven- 
tional hydraulic power steering system. The systems 
best adapted for the present system of this invention uti- 
lize a power rack and pinion steering gear. However, it is 
also applicable to a power worm and sector gear. 45 

From the above discussion of the preferred embod- 
iment of the invention, those skilled in the art will per- 
ceive other improvements, changes and modifications 
within the skill of those in the are which are essentially 
covered by the appended claims. so 

Claims 

1. A steering correction system for a power steering 
system of a vehicle for assisting an operator in con- ss 
trolling straight ahead travel of said vehicle, said 
power steering system having a hydraulic pump 
and reservoir, a pressure relief valve and a plurality 



of main lines for supplying and returning a hydraulic 
fluid to a power steering assembly so that said 
assembly provides steering forces for wheels of 
said vehicle, said correction system comprising: 

a plurality of correction lines connected to a 
main bypass line of said power steering system 
for diverting and selectively routing a portion of 
said hydraulic fluid within said power steering 
system to said steering assembly; 
a priority valve for receiving said fluid portion 
from said bypass line and dividing said fluid 
portion to provide flow into a correction supply 
line and a correction bypass line of said plural- 
ity of correction lines; 

a system valve located in a first line between 
said correction supply line and a correction 
return fine and being normally open for routing 
a first part of said fluid portion to flow from said 
correction supply line into a correction return 
line of said plurality of correction lines; 
a modulating valve located in a second line 
between said correction supply line and said 
correction return line for routing an adjustable 
second part of said fluid portion to said correc- 
tion return line from said correction supply line; 
a pair of correction valves each located in a 
trim line connected to said correction supply 
line for routing a third part of said fluid portion 
through a respective trim line of said plurality of 
correction lines to said steering assembly when 
one of said pair of correction valves is acti- 
vated, said system valve is closed and said 
modulating valve is open and adjusted; and 
a logic controller and a switch mechanism for 
operating and activating each one of said 
valves to provide a relative magnitude of said 
second and third parts of said fluid portion. 

2. The system set forth in claim 1 wherein said pair of 
correction valves include: 

a left correction valve activated by said logic 
controller during a left connection demand for 
supplying said third part of said fluid portion to 
said steering assembly through a left trim line; 
and 

a right correction valve activated by said logic 
controller during a right connection demand for 
supplying said third part of said fluid portion to 
said steering assembly through a right trim fine. 

3. The system set forth in claim 2 including a pair of 
backflow preventers being one installed in said left 
trim line and another installed in said right trim line, 
wherein power steering fluid of said steering 
assembly will not pressurize said steering corr c- 
tion system. 
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4. The system set forth in claim 1 including a pressure 
relief valve connected between said correction sup- 
ply line and said correction return line for providing 
protection against excessive fluid pressures in said 
correction supply line. $ 

5. The system set forth in claim 1 wherein said system 
valve, said modulating valve and said pair of correc- 
tion valves and are hand activated and operated 
valves for providing means for said operator to 10 
manually open and close each valve of the steering 
correction system based on logic provided by the 
operator during straight ahead running of the vehi- 
cle, wherein said logic controller becomes the oper- 
ator of said vehicle. is 

6. The system set forth in claim 1 including: 

a steering angle sensor for sensing a rotational 
angle of a steeri ng wheel of said vehicle and for 20 
generating a angle signal to be used by said 
logic controller; and 

a steering torque sensor for sensing a torque 
on said steering column of said vehicle and for 
generating a torque signal to be transmitted to 25 
said logic controller. 

7. The system set forth in claim 6 wherein said system 
valve, said modulating valve and said pair of correc- 
tion valves are automatically operated by said logic 30 
controller based on logic provided by electronic 
components and logic circuits within said logic con- 
troller, wherein said straight ahead travel of the 
vehicle is automatically controlled. 

35 

8. The system set forth in claim 1 wherein said modu- 
lating valve is a variable flow valve which can be set 
by said logic controller to provide said adjustable 
third part of said fluid portion. 

40 

9. The system set forth in claim 1 wherein said system 
valve and said modulating valve can be combined 
into a single system/modulating valve for perform- 
ing the same functions as the system valve and the 
modulating valve provide individually. 45 

10. A steering correction system to be used in combi- 
nation with a motor vehicle's power steering system 
for correcting steering drift and pull on said vehicle, 
said vehicle having a power steering system asso- so 
dated with at least one steerable wheel which is 
displaced to apply a lateral force on said vehicle, 
said system comprising: 

a plurality of correction lines to be connected ss 
between a bypass line and a steering assembly 
for selectively routing a portion of a steering 
fluid within said steering system; 
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a plurality of valves selectively located in said 
correction lines for providing said routing; and 
a logic control! r and a switch mechanism for 
electrically operating said plurality of valves 
based on a desired steering correction to said 
steering pull, wherein steering pull and drift can 
be compensated without continuous steering 
inputs by said operator. 

11. The system set forth in claim 10 including: 

a left correction valve of said plurality of valves 
to be activated by said logic controller and 
switch mechanism in response to a left connec- 
tion demand for supplying a part of said steer- 
ing fluid portion to said steering assembly 
through a left trim line; and 
a right correction valve of said plurality of 
valves to be activated by said logic controller 
and switch mechanism in response to a right 
connection demand for supplying said part of 
said steering fluid portion to said steering 
assembly through a right trim line. 

12. The system set forth in claim 11 including: 

a system priority valve of said plurality of valves 
for selectively dividing said steering fluid and 
supplying said portion of said steering fluid to a 
correction supply line of said plurality of correc- 
tion lines; 

a system valve of said plurality of valves for 
returning said portion of said steering fluid 
directly to said power steering system through 
a first line when no correction is required; and 
a modulating valve of said plurality of valves 
installed in a second line of said plurality of cor- 
rection lines for modulating the amount of said 
portion of said steering fluid which is available 
to said left and right correction valves for said 
correcting of drift and pull on the vehicle. 

13. The system set forth in claim 10 including: 

a steering angle sensor for sensing a rotational 
angle of a steering wheel of said vehicle and for 
generating a angle signal to be used by said 
logic controller; and 

a steering torque sensor for sensing a toque 
on said steering column of said vehicle and for 
generating a torque signal to be transmitted to 
said logic controller. 

14. The system set forth in claim 13 wherein said plu- 
rality ol valves and are automatically operated by 
said logic controller based on logic provided by 
electronic components and logic circuits within said 
logic controller, wherein said straight ahead travel 
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ol the vehicle is automatically controlled. 

15. Th system set forth in claim 10 including a steer- 
ing angle sensor for sensing a rotational angle of a 
steering wheel of said vehicle and for generating a 
angle signal to be used by said logic control! r, 
wherein said plurality of valves are automatically 
operated by said logic controller based on logic pro- 
vided by electronic components and logic circuits 
within said logic controller and wherein said straight 
ahead travel of the vehicle is automatically control- 
led. 

16. The system set forth in claim 10 including a steer- 
ing torque sensor for sensing a torque on said 
steering column of said vehicle and for generating a 
torque signal to be transmitted to said logic control- 
ler, wherein said plurality of valves are automati- 
cally operated by said logic controller based on 
logic provided by electronic components and logic 
circuits within said logic controller, wherein said 
straight ahead travel of the vehicle is automatically 
controlled. 

17. A method for correcting a drift and pull on a vehicle 
having a power steering system, said power steer- 
ing system including a hydraulic pump and reser- 
voir for supplying a steering assembly with a power 
steering fluid through a plurality of main lines, said 
system having a main bypass line of said plurality of 
main lines for rerouting a portion of said steering 
fluid; said system having a plurality of steering cor- 
rection system lines connected to said main bypass 
line for selectively diverting at least part of said fluid 
portion to said steering assembly; said system hav- 
ing a plurality of steering correction system valves 
located in said plurality of correction lines; 

said method including the steps of: 

a) selectively routing said fluid portion so that a 
first part of said fluid portion may be returned to 
said hydraulic pump through a system valve of 
said plurality of correction valves, a second 
part of said fluid portion may be returned to 
said hydraulic pump through a modulating 
valve of said plurality of correction valves and a 
third part of said fluid portion may be diverted 
to said steering assembly; and 

b) controlling the relative first, second and third 
parts of said fluid portion by using a logic con- 
troller and a switch mechanism for selectively 
opening and closing said plurality of correction 
valves to correct for right and left drift and pull 
on said vehicle for straight ahead driving. 

18. Th method set forth in claim 17 including th steps 



providing a right trim line of said plurality of cor- 
rection lines and a right correction valve of said 
plurality of correction valves associated with 
said right trim line; 
5 activating said right correction valve and said 

system valve for diverting said third part of said 
fluid portion to said steering assembly through 
said right trim line; and 

selectively controlling said third pari of said 
w fluid portion using said modulating valve to cor- 

rect for said vehicle drift and pull to the right. 

1 9. The method set forth in claim 1 7 including the steps 
of: 

15 

providing a left trim line of said plurality of cor- 
rection lines and a left correction valve of said 
plurality of correction valves associated with 
said left trim line; 
20 activating said left correction valve and said 

system valve for diverting said third part of said 
fluid portion to said steering assembly through 
said left trim line; and 

selectively controlling said third part of said 
25 fluid portion using said modulating valve to cor- 

rect for said vehicle drift and pull to the left 

20. The method set forth in daim 17 including the step 
of providing a pair of backflow preventors being one 

30 installed in said left trim line and another installed in 
said right trim line for protecting said steering cor- 
rection system lines from excess pressure in the 
power steering system. 

35 21 . The method set forth in claim 1 7 including the steps 
of: 

providing a steering angle sensor for sensing a 
rotational angle of a steering wheel of said 

40 vehicle and for generating an angle signal to be 

used by said logic controller; 
providing a steering torque sensor for sensing 
a torque on said steering column of said vehi- 
cle and for generating a torque signal to be 

45 transmitted to said logic controller; and 

selectively controlling the flow of said third part 
of said fluid portion using said angle and torque 
signals to automatically correct for said vehicle 
drift and pull to achieve desired angle and 

so torque values. 
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